Abstract. Sawdust as a biomass waste material was treated with chlorosulfonic acid and sulfonated sawdust (SD-SO 3 H) was prepared which characterized with a variation of methods containing TGA, SEM and elemental analysis. This solid acid showed excellent catalytic activity for the synthesis of various quinolines derivatives through the Friedländer condensation of 2-aminoaryl ketones with cyclic and acyclic β-diketone, β-keto esters and cyclic ketone compounds under solvent-free conditions with high yields (70-95%). This new method offers some benefits such as simple procedure, short reaction times, high yields and use of a green, cheap and reusable catalyst.
INTRODUCTION
The synthesis of quinolines and their derivatives has been attracting significant attention, because many natural products include this heterocyclic nucleus. Quinoline derivatives exhibit application in medicinal chemistry, as anti-malarial (Chiang et al., 2009) , antiinflammatory (Roma et al., 2000) and anti-asthmatic (Dubé et al., 1998) .
Their properties in drugs and pharmaceuticals, turn quinolines very attractive to organic chemists, hence development of a new and convenient strategy for their synthesis in high yield is much needed. Quinolines can be synthesized by various procedures such as the Skraup (Skraup, 1880) , Pfitzinger (Pfitzinger, 1886; Calaway and Henze, 1939) , Friedländer (Fehnel, 1966) and Combes (Long and Schofield, 1953) . However, the Friedländer condensation is still one of the most common methods for the synthesis of quinoline derivatives.
This method involves the reactions between a 2-aminoaldehyde or ketone and another carbonyl compound having a reactive ɑ-methylene group in the presence of an acidic or basic catalyst. Lewis and protic acid catalysts such as Zr(NO 3 ) 4 , Zr(HSO 4 ) 4 (Zolfigol et al., 2007) , ZnCl 2 / SnCl 2 (McNaughton and Miller, 2003) , Yb(OTf) 3 (Genovese et al., 2011) , silica supported perchloric acid (Narasimhulu et al., 2007) , Amberlyst-15 (Das et al., 2007) , iodine (Wu et al., 2006) and ionic liquids (Palimkar et al., 2003, Karthikeyan and Perumal 2004) have reported as promoting agents for the Friedländer annulations. However, some of these procedures suffer from drawbacks such as long reaction time, low yields, formation of by-products or use of corrosive and expensive catalysts. Furthermore, some of the acid catalysts are difficult to separate and therefore cannot be recovered or re-used after the reaction.
Recently, use of sulfonic acid functionalized biopolymers as heterogeneous catalysts have been tried in organic reactions due to the reduction of environmental contamination, the economical point of view, high selectivity, simple work-up and separation of products and catalysts (Xiao et al., 2005; Shaabani and Maleki, 2007; Shaabani et al., 2008; Venu Madhav et al., 2009; Liu et al., 2013; Shirini et al., 2013) . Therefore, novel, efficient and environmentally benign catalytic systems are being continuously developing.
The lignocellulosic waste material such as wood sawdust, a waste by-product of the timber industry, is one of the most abundant materials in the world which is locally available and has a little or no economic value. It is generally well known that sawdust has been used either as cooking fuel or packing material. However, it can be employed as an inexpensive adsorbent for the removal of heavy metal ions from water or waste-water due to its lignocellulosic (Shukla and Pai, 2005; Albadarin et al., 2011) . The sorption capacity of these biopolymers could be enhanced by chemical modifications, hence, sawdust was modified with diethylenetriamine to remove azo anionic dye (Elhami and Karami, 2013) , with citric acid to remove Cu (II) and Pb (II) ions (Low et al., 2004) and with tartaric acid for the adsorption of Cr (VI) from aqueous solutions (Gode et al., 2008) .
In connection with our previous work using modified sawdust as an adsorbent (Elhami and Karami, 2013) , and our interest to develop new methodologies for the synthesis of organic compounds, we wish to report here sawdust sulfuric acid (SD-SO 3 H) as an efficient, biodegradable, nontoxic, cheap and recyclable solid support acid catalyst and applied for the synthesis of various quinoline derivatives (3) in good yields under solvent-free conditions (Scheme 1). 
MATERIALS AND METHODS

Catalyst preparation (Sawdust-SO 3 H)
The sawdust was collected from the local Sawmill and washed continuously with distilled water to remove the surface impurity and water soluble materials, dried in sunlight. The resulting material was ground followed by sieving (50 mesh size), washed with distilled water and dried at 50 °C for 2 h. A 50 cm 3 suction flask charged with 2.0 g of sawdust and 10 cm 3 CH 2 Cl 2 was equipped with a constant-pressure dropping funnel containing chlorosulfonic acid (2 cm 3 ) and a gas inlet tube for conducting HCl gas into water as an adsorbing solution. Chlorosulfonic acid was added dropwise to the mixture at 0 °C (in an ice bath), and mixed until no HCl evolved. After the addition was completed the mixture was shaken for an additional 1 h at room temperature. Then, the mixture was filtered and washed with CH 2 Cl 2 (20 cm 3 ) and dried at 50 °C to obtain sawdust sulfuric acid (SD-SO 3 H) as a brown powder (Scheme 2).
General procedure
A combination of 2-aminoaryl ketone (1.0 mmol), α-methylene ketones (1.2 mmol) and sawdust-SO 3 H (0.09 g, 0.43 mmol) were blended and heated under solvent-free condition at 90 °C.
After completion of the reaction, as indicated by TLC (eluent: 3:1; n-hexane/ethyl acetate), hot ethanol (20 cm 3 ) was added and the catalyst was separated by simple filtration. The filtrate was then concentrated and the crude products were recrystallized from ethanol, gave the pure products in 70-95% yields based on the starting 2-aminoaryl ketone.
Fig. 3:
The catalytic activity of Sawdust-SO 3 H in five cycles for the reaction of 2-amino-5-chlorobenzophenone, ethyl acetoacetate under solvent-free conditions Table 1 : Effect of temperature and catalyst amount on the synthesis of Ethyl-6-chloro-2-methyl-4-phenylquinoline-3-carboxylate (3a)
Reaction conditions: 2-amino-5-chlorobenzophenone 1b (1 mmol), ethyl acetoacetate (1 mmol) and solvent-free
Laboratory determinations
All chemicals were commercially available and used without further purification. All reactions were observed by TLC and all yields refer to isolated products. The 1 H and 13 C NMR spectra were measured on a Bruker DRX-400 Avance spectrometer using TMS as internal standard. Melting points were measured on an Electrothermal apparatus and the elemental analyses were performed with an Elementar
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Analysensysteme GmbH VarioEL CHNS mode. Scanning electron microphotographs (SEM) were found on a LEO 1455VP-SEM. The thermogravimetric analysis (TGA) of the sawdust-SO 3 H was performed on LINSEIS PT 1600 and sample was heated from 30 to 600 °C at a scanning rate of 10 °C/min under a nitrogen gas atmosphere. 
RESULTS AND DISCUSSIONS
Catalyst characterization
The Sawdust-SO 3 H was simply prepared by the reaction of chlorosulfonic acid with wood sawdust and obtained catalyst was characterized by SEM, TGA and conventional elemental analysis (CHNS). The total acid site of SD-SO 3 H was 4.8 mmol.g -1 as determined through titration of a NaOH solution. The conventional elemental analysis of SD-SO 3 H indicates high sulfur content (6.0 mmol.g -1 ). This value and the acid amount determined by titration showing that most of the sulfur species on the sample are in the form of the sulfonic acid groups, which presenting a large amount of attached -SO 3 H group in biomass catalyst. The surface morphologies of sawdust and sawdust-SO 3 H were studied using scanning electron microscopy (SEM) with 5000 times magnifications. It can be seen in Fig. 1 . that sawdust has a smooth surface, while the morphology of sawdust-SO 3 H is indicating crack surface which created during sulfonation process. It can be concluded that the primary surface structure of sawdust is changed after modification with chlorosulfonic acid (Figure 1) .
Thermogram of the sawdust-SO 3 H is shown in Figure 2 which depicts four stages decomposition in the temperature range 30 °C -600 °C. The weight loss up to 100 °C can be attributed to the loss of water and adsorbed volatiles molecules on the surface of the catalyst. The second stage of the weight loss appeared around 150 °C to 210 °C which corresponds to the decomposition of the SO 3 H groups by assuming the decomposition reaction produces SO 2 . The next three steps decomposition which started from 210 °C and last till 500 °C, may attributed to the pyrolytic decomposition of the major constituents of sawdust (cellulose, hemicelluloses and lignin). Hemicellulose is thermally most sensitive and decomposes in the temperature range 200°C to 260 °C, and then at temperatures above 300 °C, cellulose and lignin decompose into volatile products (Shafizadeh, 1982) . It can be concluded from these results, that the catalyst is stable up to around 150 °C (Figure 2 ).
Catalytic Activity of SD-SO 3 H
In order to find the best reaction conditions for the synthesis of quinoline derivatives, in a typical reaction, 2-amino-5-chlorobenzophenone (1b) and ethyl acetoacetate was examined in the presence of catalytic amount of sawdust supported sulfonic acid (SD-SO 3 H) at 70 ˚C under solvent-free condition to afford the corresponding ethyl-6-chloro-2-methyl-4-phenylquinoline-3-carboxylate (3a) in 50% yield (Table 1 , entry 2). In order to optimize the reaction in solvent-free condition, the impact of temperature and amount of catalyst were investigated on the reaction of 2-amino-5-chlorobenzophenone (1b) and ethyl acetoacetate. These studies showed that in the absence of catalyst the reaction did not proceed even after long reaction time (24 h) and the yield of the product was found to be very low (less than 20 %), and gave the best results in 0.09 g of SD-SO 3 H (Table 1 , entries 1 and 8). A lower amount of catalyst, 0.05 g led to smaller yield and a higher amount, 0.1 g did not show any significant improvement in the yield or reaction time. Also on the base of information in related to temperature, the best result was obtained with 0.09 g of SD-SO 3 H under solvent-free conditions at 90 ˚C for the reaction of 2-amino-5-chloro benzophenone (1b) and ethyl acetoacetate (Table 2) . Reaction conditions : 2-aminoaryl ketone 1 (1.0 mmol), α-methylene ketones 2 (1.2 mmol) and SD-SO 3 H (0.09 g, 0.43 mmol) were heated under solvent-free conditions at 90 °C for appropriate time. a All products are known compounds, the IR, 1 H NMR, 13 C NMR spectral data and their mp values were found to be identical with the ones described in the reference. b Isolated yield.
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To study the effect of solvent on the reaction conditions, we carried out this reaction in different solvents such as CH 2 Cl 2 , CHCl 3 , CH 3 CN and MeOH. The results showed that the yield of the reaction was higher, and the reaction was much faster under solvent-free condition compared to those in solution. (Table 2 , entries 1-4).
The reaction was then carried out by varying mole ratio of ethyl acetoacetate with 0.09 g of the catalyst at 90 ˚C. It is observed with 1 : 1.2 mole ratio of 2-amino-5-chlorobenzophenone (1b) to ethyl acetoacetate, maximum yield up to 95% was achieved in only 15 min (Table 2, entry 7). Hence the optimum conditions for this condensation reaction are temperature 90˚C, reactant mole ratio 1:1.2 and reaction time 15 min. to get maximum yield (95%) using sawdust supported sulfonic acid as solid acid catalyst. In order to show the generality of the method for the synthesis of quinolines, this reaction was developed with 2-aminoarylketones and various carbonyl compounds at 90 ˚C under solvent-free reaction condition. The results are illustrated in Table  3 .
The reactions worked very well with acyclic1,3-diketones including acetylacetone and ethyl or methyl acetoacetate when reacted with 2-aminobenzophenone (1a) or 2-amino-5-chlorobenzophenone (1b) and the corresponding quinolines were obtained in excellent yields (84-95 %), (Table 3 , entries 1-3 and 7-9). Various cyclic 1,3-diketones, such as 5,5-dimethylcyclohexanedione (dimedone), cyclohexanedione and cyclic ketone such as cyclohexanone reacted with 2-aminobenzophenone (1a) and 2-amino-5-chloro-benzophenone (1b) to afford the respective tricyclic quinolines in good yields in the slightly longer reaction times (Table 3 , entries 4-6 and 10-12). The results indicate the generality of the procedure.
Furthermore, to illustrate the efficiency of the proposed method, Table 4 compares some of the results obtained by the condensation of 2-amino-5-chloro benzophenone (1b) with ethyl acetoacetate and 2-amino-benzophenone (1a) with methyl acetoacetate with other heterogeneous catalytic systems. It shows that the yield of the desired products in the presence of SD-SO 3 H is comparatively higher than that in presence of other catalyst (Table 4 , entries 1-6 and 7-10).
Catalyst recycling
The catalyst (SD-SO 3 H) can be easily recovered by simple filtration, washing with CH 2 Cl 2 and drying at 50 °C. The reusability of this catalyst is exemplified by reaction of 2-amino-5-chlorobenzophenone (1b) and ethyl acetoacetate in the presence of recycled catalyst on five subsequent runs. The recycled catalyst could be reused several times without any detectable loss of activity (Figure 3 ).
CONCLUSION
In summary, we have introduced SD-SO 3 H as an abundant and green reagent for the synthesis of quinoline derivatives, which was prepared from chlorosulfonic acid and sawdust, a waste material byproduct of the timber industry. This study also summarized some of the other applications of these materials in different fields such as adsorbing metal ions and azo anionic dyes from aqueous solutions. This simple procedure reported here has several advantages such as, relatively short reaction times, ease of preparation, cheapness, availability and reusability of the catalyst, high yields of products, simple experimental procedure and solvent free conditions. Further work is in progress to extend the catalytic activity of SD-SO 3 H to other organic transformations in our laboratory.
